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© Amorphous oxide film and article having such film thereon. 

© An amorphous oxide film composed essentially of an oxide containing at least one member selected from 
the group consisting of Zr, Ti, Hf, Sn, Ta and In and at least one member selected from the group consisting of 
B and Si. 
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t • ention relates to an amorphous oxide film which is transparent and excellent in 
Heretofore, a mirror, a heat »^ Mon ^^^^ > MM have been kno»n as articles hav.ng an 

mirror having the coated surface exposed oxkje „ fo(med by spraying, 

,n the case of the heat radiation reflecting gfass has been available ,n 

chemical vapor deposition (CVD) or djwjW* f formed by sputtering on a glass sheet. 

ss-srscsrsrK^s. . — . — . 

building construction where ornamental des,gr us important. ^ ^ ^ ^ or from a 

A low emissivity glass (low em,ss,on glass) to reflect a Zn0 /Ag/ZnO or a f.ve-layered 

wall in a room to the inside 0 ' the / 00 "V^ r f s ^Sed between zinc ox.de layers (Japanese Patent 

KT. laSncreL in „s use ,n «* regions , Europe g ^ - ^ 

A reflection preventive coating for lenses « formed by index ^ gs si||con oxld or 

glass or a lens, is used in such a state that the coated ,1m ,s e p ^ ^ ^ ^ emiss , vlty g , 

■ r rx£" ~s rsz-srrtv — » — - -»■<"— - 

serving also as such a protective layer. ctie mically stable transparent oxide film on the s,de 

To improve the durability, it is common. to o «da achem y m ^ z|rconjum oxlde and 

to be exposed in air. As such an oxide f ny man.um ox de t ^ propertie 

35 silicon ox.de are known. A suitable ox.de , ., m , ha been u se dd ^ g ^ ^ tend , 0 

crys XTlm° X : d nd r S^^T- — " ^ " ^ ^ ' 

^n^rrcr^^ - — - — in an acid or an alka,ine 

* "tm^Sm— tntalum ox,de has both the abras.on res.stance and the chem.ca, stab.lity, but 
i» is still inadequate in the abrasion res.stance ^ h|gh re(ract 

^^r;,:— r. - - Tr in dex. mere * . — « , - 

'"'ft is an object of the present invention to solve the above p£*n* ^ ^ ^ ^ 

The present invention provides an amorphou ox.de film CO p ^ ^ ^ ^ ong member 
so least one member selected from the group .ccns.st.ng Zr, 

selected from the group consisting of B an Sl - duci an amo r P hous oxide film composed 

Further, the present invention prov.des a process o p 8 consisling of & _ Ti, HI, Sn 

essentially of an oxide containing at I east ™* ^ rf g a whjch c e s 

Ta and In and at least one member selected from W se|ec(ed lrom lne group 

SSS S o. Hi,' S^d ^ afT, oT ST r - - tlte group consisting o, B and 
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Still further, the present invention provides an atricle with high durability which comprises a substrate 
and one or more thin film layers formed thereon, wherein the outermost layer exposed to air is made of an 
amorphous oxide film composed essentially of an oxide containing at least one member selected from the 
group consisting of Zr, Ti, Hf, Sn, Ta and In and at least one member selected from the group consisting of 
5 B and Si. 

Now, the present invention will be described in detail with reference to the preferred embodiments. 

In the accompanying drawings: 
Figure 1(a) is a graph showing the relation between the content of B in a ZrB x O y film and the refractive 
index n of the film. 

70 Figure 1(b) is a graph showing the relation between the content of Si in a ZrSi 2 O y film and the refractive 
index n of the film. 

Figure 1(c) is a graph showing the relation between the content of Si in a ZrB 0 .2 2 Si z Oy film and the 
refractive index n of the film. 

Figure (d) is a graph showing the relation between the content of Si in a TiSi 2 O y film and the refractive 
15 index n of the film. 

Figure 1(e) is a graph showing the relation of the atomic ratio of Zr and B in a formed film relative to the 
atomic ratio of Zr and B in the target composition, when a ZrB x O y film is formed by reactive sputtering. 
Figures 2 to 6, 9 and 10 are cross-sectional views of articles with high durability according to the present 
invention having the amorphous oxide films of the present invention on their surfaces. 
20 Figures 7 and 8 are cross-sectional views of laminated glasses wherein the amorphous oxide films of the 
present invention are used as metal diffusion barriers. 

Figure 1 1 is a perspective view of a bar cord reader having a transparent sheet composed of one layer 
of the amorphous oxide film of the present invention at the read out portion of the bar cord reader. 
The present invention is based on discovery that an amorphous oxide containing at least one member 
25 selected from the group consisting of Zr, Ti, Hf, Sn, Ta and In and at least one member selected from the 
group consisting of B and Si, is a thin film which is excellent in the scratch resistance, the abrasion 
resistance and the chemical durability and which also has freeness for optical design. 

Table 1 shows the properties of various amorphous oxide films of the present invention. Each film was 
prepared by direct current (DC) reactive sputtering or RF sputtering by using a target having the 
30 composition as identified in Table 1. The crystallinity was determined by a thin film X-ray diffraction 
analysis. The scratch resistance was determined by the abrasion test by means of an abrasive eraser. 
Symbol O means that no substantial scratch mark was observed, and x means that scratch marks easily 
formed. 

The abrasion resistance was determined by a Taber abrasion test (abrasive ring: CS-10F, load: 500 g, 
35 rotational speed: 1,000 rpm). Symbol O means that the haze was not more than 4%, and x means that the 
haze exceeded 4%. 

The acid resistance was determined by immersion in 0.1 N H2SO4 for 240 hours. Symbol O means that 
the change in Tv (visible light transmittance) and Rv (visible light reflectivity) as between before and after 
the immersion was within 1%, A means that the change was from 1 to 4%, and x means that the film was 
40 dissolved and disintegrated. 

The alkali resistance was determined by immersion in 0.1 N NaOH for 240 hours. Symbol O means that 
the change in Tv and Rv as between before and after the immersion was within 1%, and x means that the 
film was dissolved. 

The boiling test was conducted by immersing the test piece in water of 100'C for two hours under 1 
45 atm. Symbol O means that the change in Tv and Rv as between before and after the immersion was within 
1%, and x means that the change exceeded 1%. 
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With respect to a ZrB x O y film, it is evident from Table 1 that a crystalline film tends to form when the 
55 content of B in the film is small, and an amorphous film tends to form when the content of B is large. It is 
also evident that the crystalline film is inferior in the scratch resistance and in the abrasion resistance, 
whereas the amorphous film is excellent in these properties. This is believed attributable to the fact that the 
amorphous film has a smooth surface. Thus, a film of ZrB x O y wherein the atomic ratio x of B to Zr is 0.05 £ 
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atomc ratio x is preferably x £ 3. to Zr In the ZrB x O. film. However, 

There is no particular restriction as to the atomic ™«°£^£%£Zd if ^ at0 mic ratio is 
« the atomic ratio is too high, the film structure tends o be rough. ^^J^'^ resjstance 0 , 
too small, the film tends to be metallic, whereby the * ^ sufficient t0 form a mixed 

the film tends to be low. Therefore oxygen should pre teraMy be in an amou ^ ^ 

system of Zr0 2 and B 2 0 3 . Namely, if the mixed oxide is represented by zru 2 i.s. 

increase in the content of B in the film, wnen x deterioration. Accordingly, m an 

the alkali resistance becomes poor and the boiling '^"^ f;lm of ZrB>i0y wne rein x is x S 

amorphous, and the surface becomes smoo h whereby ^ ^TZe^oy aa^ng amount ot B. 
resistance are improved. Further, it ,s possible to onho e £ a *«^T * advantageous for the 

r:,: 0 : ,r=e d ^s^.rtxu, •«* °» - ™. * 

particularly advantageous when a thick film ,s to ^ formed havi excelient scratch 

= 2.15) and S«0 2 (n - 1.46) (se ^ F '9^ f f Sj More speC ificaUy. in a ZrSi z O y film, the 

sputtering by using a target composed of 33 . of Zr and b/ ^ ^ ^ amorphouSi 

5 ^Tin^t T,Z rirz! s^^bed * respect to the 

ratio x o, B, toe atomic ratio z of Si and the atomic ratio y to Zr s a Im y ^ 
preferred, since the film will thereby be amorphous and . i lm having >e ce len s ^ ^ 

abrasion reisistance will thereby be obtained. Further, f x > 0.25 .z J 3 wher x 
« the film tends to be inadegua^and ,, y ,19. the a,a ^0 and an oxide 

inadequate when the atomic ratio x of B to Zr exceed . 3 and .Mhis exce s, e ^ 
system, the B-Si-0 oxide tends to be .chemical^ unsta ble when the a torn, mo ^ ^ & ^ 

50 oxide exceeds 0.25^ is P- -b ly a a W ^ ^ ^ ^ ^ ^ ^ Acc 

ale 2 leve^ < y^O. The larger the contents of B and Si, the lower the refractive index of the 

TiSi z O y film is shown as sample 10 in Table 1 
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The amorphous oxide film of the present invention may contain very small amounts of elements other 
than Zr, Ti, Hf. Sn, Ta, In. B, Si and O. 

The amorphous oxide film of the present invention can be formed by a wet system such as spraying or 
by a physical vapor deposition method such as chemical vapor deposition, vacuum vapor deposition or 
sputtering. Particularly preferred is sputtering, since a film having superior adhesion as compared with other 
methods can thereby be obtained. 

As shown in Table 2, when a film of e.g. 2rB x 0 y ,ZrSi 2 0 y or ZrB x Si z O y is to be formed by means of a 
target or an electrode of a non-oxide type comprising at least one member (M) selected from the group 
consisting of Zr, Ti, Hf, Sn, Ta and In and at least one member selected from the group consisting of B and 
Si, a uniform film can be formed by sputtering in an atmosphere of a mixture of argon and oxygen under a 
vacuum degree of from 1 x 10" 3 to 10 x 10~ 3 Torr by using a target or an electrode of a non-oxide single 
system or a non-oxide mixed system such as a zirconium boride single system, a zirconium silicide single 
system, a zirconium boride-metal zirconium mixed system, a zirconium boride-zirconium silicide mixed 
system, a zirconium boride-metal silicon mixed system, a zirconium silicide-metal silicon mixed system, a 
zirconium boride-zirconium silicide-metal zirconium mixed system, a zirconium boride-zirconium silicide- 
metal silicon mixed system or a zirconium boride-boron mixed system. Such a non-oxide target has 
electrical conductivity, and the film forming can be conducted by direct current sputtering, whereby a 
uniform film can be formed at a high speed over a large surface area. When the reactive sputtering is 
conducted by means of a non-oxide target, the ratios of B and Si to Z in the target can not be maintained 
and tends to decrease in the film formed by using the target, as is apparent from Table 1 . This tendency is 
remarkable when the content of B in the target is relatively small as shown in Figure 1(e) with respect to the 
case of a ZrB x O y film. As the content of B increases, the ratio of B in the target approaches the ratio of B in 
the film obtained therefrom. The same is true with respect to Si and Si + B in the case where a ZrSi 2 O y 
film or a ZrB x Si 2 O y film is formed. 

In view of the above tendency, in a case of forming a film of ZrB x O y wherein x is 0 05 £ x S 3, and y is 
2 < y < 6.5, it is preferred to employ a target or an electrode comprising from 10 to 90 atomic % of Zr and 
from 10 to 90 atomic % of B. Likewise, the relation between the desired film and the corresponding 
composition of the target or the electrode, is shown in Table 2. 
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Otherwise, the film-form.ng may be conducted by sputtering m a <™^T^£Z5% 
mainly of argon with a proper amount of oxygen under a vacuum degree of from t x 10 to 10 x ,0 Torr 
bv usina an oxide type target containing at least one member selected from the group cons.shng of Zr, T, 
M Sn ?n and Ta and at leas, one member sefected from the group consisting of B and S, The ox,de targe, 
u eful 'for he formation of an ox,de film containing Zr and a, least one of B and Si, may be a m.xed ox.de 
arge composed of at least two members selected from the group cons.stmg of z,rcon,um ox.de (,nclus,ve 
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of stabilized or partially stabilized zirconia), boron oxide and silicon oxide, such as a zirconium oxide-boron 
oxide target, a zirconium oxide-silicon oxide target or a zirconium oxide-boron oxide-silicon oxide target. In 
this respect, preferred compositional ranges of targets are shown in Table 2. 

In a case where the reactive sputtering is conducted using a non-oxide target, if the proportion of 
5 oxygen in the atmospheric gas is increased, the film-forming rate gradually decreases, although it is thereby 
possible to obtain a transparent film. Therefore, in order to secure a high-film-forming rate, it is necessary to 
control the oxygen concentration in the atmospheric gas to a certain level. Namely, it is necessary to 
conduct film-forming in an oxygen concentration within a transitional range from an absorptive film to a 
transparent film. However, it is very difficult to control the sputtering within such a transitional range. On the 
70 other hand, if the sputtering is conducted by using a completely oxide target, it is possible to obtain a 
transparent film, but the film-forming rate is relatively low. Therefore, by using a target made of partially 
oxidized substance, it is possible to form a transparent film constantly and at a high film-forming rate. For 
such a purpose, it is also possible to employ a target composed of a mixture of an oxide and a non-oxide, 
for example, an oxide mixture comprising at least one member selected from the group consisting of 
15 zirconium oxide (inclusive of stabilized zirconia), boron oxide and silicon oxide and at least one member 
selected from the group consisting of metal zirconium, boron, metal silicon, zirconium boride and zirconium 
silicide, such as a zirconium oxide-zirconium boride target, a boron oxide-zirconium boride target, or a 
silicon oxide-zirconium boride target. The composition of such a target may be suitablly adjusted by 
properly mixing the "oxide target" and the "non-oxide target" shown in Table 2 to obtain the desired 
20 oxidized degree of the target. The composition of such a target is preferably within the ranges shown in the 
column for "oxide and non-oxide mixture target" in Table 2. The sputtering atmosphere for the film-forming 
by means of such a target, may be determined depending upon the oxidized degree of the target so that 
the non-oxide component can be oxidized. 

The amorphous oxide film of the present invention may be formed by using the above-mentioned oxide 
25 target or an oxide-non-oxide mixture target as a tablet for vacuum deposition, and heating and evaporating 
the tablet by means of an electron beam. As compared with a wet system such as spraying, in the vacuum 
deposition, precise control of the film thickness can easily be made. Therefore, vacuum deposition is 
preferred particularly in a case where a multi-layered film is prepared utilizing light interference. 

The relation between the composition of the target and the composition of a film formed by means of 
30 the target, vary to some extent by the film-forming conditions and can not generally be defined. Those 
mentioned in Table 1 are specific examples of such compositions. 

The above-mentioned electrode or target may be formed, for example, by the following method. 
Namely, a powder or a powder mixture comprising at least one member selected from the group consisting 
of metal zirconium, boron, metal silicon, zirconium boride, zirconium silicide, zirconium oxide (inclusive of 
35 zirconia stabilized or partially stabilized by an addition of from 3 to 8 mol% of e.g. Y 2 0 3 . CaO, MgO), boron 
oxide and silicon oxide, is subjected to high temperature-high pressure pressing or high pressure pressing, 
or by sinterring a product of the high pressure pressing, to form a single system or mixed system electrode 
or target of the present invention. In this case, the particle size of the powder is preferably from 0.05 to 40 
urn. Further, it has been confirmed that the properties remain to be the same even when such an electrode 
40 or target contains iron, aluminum, magnesium, calcium, yttrium, manganese and hydrogen in a total amount 
of not more than 2% by weight. Carbon may be contained in an amount of not more than 20% by weight, 
since it may be eliminated in the form of C0 2 gas during the film-forming operation. Furthermore, the 
electrode or target of the present invention shows similar effects even when it contains copper, vanadium, 
chromium, molybdenum, tungsten, cobalt, rhodium, or iridium in a small amount as an impurity. 
45 The amorphous oxide film of the present invention has excellent scratch resistance and abrasion 
resistance and may, as such, be applied to various articles where high durability is required. 

Namely, the present invention provides an article with high durability which comprises a substrate and 
one or more thin film layers formed thereon, wherein the outermost layer exposed to air is made of an 
amorphous oxide film composed essentially of an oxide containing at least one member selected from the 
so group consisting of Zr, Ti, Hf, Sn, Ta and In and at least one member selected from the group consisting of 
B and Si. 

Figure 2 is a cross-sectional view of an embodiment of the article with high durability according to the 
present invention, wherein reference numeral 1 indicates a substrate made of e.g. a transparent or colored 
glass or plastic, numeral 2 indicates a first layer made of a metal, nitride, carbide, boride, oxide, silicide or a 
55 mixture thereof, and numeral 3 indicates a second layer of an amorphous oxide film constituting the 
outermost layer exposed to air, i.e. an amorphous oxide film composed essentially of an oxide containing at 
least one member selected from the group consisting of Zr, Ti, Hf, Ta, Sn and In and at least one member 
selected from the group consisting of B and Si. 
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Fioure 3 is a cross-sectional view of another embodiment of the article with high durability according to 
the oresen. i venfcn wherein reference numeral ,0 indicates a substrate similar to the above-men,, ned 
the present invent o transparent dielectric film, numeral 12 indicates a second 

^ oTe g"a Se sim" to the L layer in Figure 2, and numeral ,3 indicates a third layer o, an 

- amnrnhous oxide film constituting the outermost layer exposed to air. 

' These embodiments have a multi-layered structure as described aobve. In some cases, one or more 
,ayers may be'ns ri d between the substrate , and the first layer 2 or the firs, iayer 2 and the second ye 
3 of Figure 2 or between the substrate 10 and the first layer 11, the first layer ,1 and the seconc la ye r 12 
or the second layer 12 and the third layer 13 of Figure 3. in order to improve the adhesion to control he 
,o op tea, proper, es or ,o .mpart other various functions. The most important feature of the article wit hgh 
du ab itv according to the present invention is that the outermost layer exposed to air ,s made of the 
totls o^film to obtam an optical product having excellent abrasion resistance and chem,ca, 

Stab There is no particular restriction as to the amorphous oxide film for the second layer 3 in Figure , 1 or for 
, 5 the Mrd layer 13 in Figure 2, so long as it is amorphous as measured by the th,n film X-ray diffrac ton 
ana! is Spe dfically, a mixed ox,de film containing a, leas, one member seiectod from the group consis ng 
o^ Zr Ti Hf Sn. Ta and In and at least one member selected from the group consisting of B and a .s 
peered in view of the scratch resistance and the abrasion resistance. Particularly w . Mm* 

ZrB.0, wherein x is 0.05 S x S 1.0. and y is 2 S y , 3.5. a film o, ZrS, O wherein ,s 0 08 £z < 18 and y 
2Q is 2 1 S V < 40, and a film of ZrB„Si 2 0 y wherein x, z and y are 0.05 < x + z, z < 19 and 2 y u. 
« h1Vx > 3 x s 0 25Z * 3. The refractive indices of such three films decrease as the 
Z^t Tb and/; Si increase, as mentioned above. Therefore, the contents o, B and,or Si may suitablly 

hn selected deoendinq upon the desired refractive indices. 

luch an amorphous oxide film containing Zr and B and/or Si is not limited to a three or four component 
25 systom o, "rcolm, boron and/or Si and oxygen and may further con.ain other components to improve the 
durably to adjust he optical properties or to improve the speed and the stability tor filnvforming. Further 
^ alrphous oxide film o, the 'present invention may no, necessarily be transparent and may be an 
absorptive film in an oxygen-lacking state or a film partially containing <*W"- 

There is no particular restriction as to the thickness of the second layer 3 or the third laye 
3 o constitu fog the outermost layer. The thickness may be determined taking the ^'^er tlo^ 
Station color into consideration depending upon the particular purpose.^However. , th . laye r i too thin, 
no adequate durability ,s obtainable. Therefore, it is preferably a, leas, 50 A, more preferabiy at least 100 A, 

^The" ParSafleLfion a,so as ,o the method for forming .he second layer 3 or the ,h,rd layer 
35 ,3 Vacuum apor deposition, ion plafing or sputtering may be employed. However, a reactive sputter ng 
rnethod exTellen, ,n the uniformity ,s preferred in a case where coafing over a large area ,s required for e.g. 
Automobiles or buildinqs, such as in the case of heat radiation shielding glass. 

" Ther s no ariic'ular restriction as to the film materia, for the firs, layer 2. ™ foria may su b^ 
be selected depending upon the required specification from metals, nitrides, carbides, bondes. oxides. 

40 SMiCi ,n e ;: ctr:, t^Tea, radiation shielding glass, the first layer 2 may be e^e^-J 
.... ~k « t; rv 7r Ta and Hf carbides, oxides and mixtures thereof. However, it is 
consisting o metals such as T tea ^ m ^ hafnjum ni(rjde chromium 

nhridTor ta^m'nitride or ^peVfodium oxide (ITO, in view o, the excellent hea, radiafion shielding 

* '"thickness o, the firs, iayer 2 is desired to be a, most 1.000 A, preferably at most 500 A, although j» 
depends upon foe desired transmittance. In the case of a nitride film, f the thickness exceeds 1 ,000 A^ foe 

film similar to the above-mentioned amorphous film may be used. 
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There is no particular restriction as to the thickness of such a dielectric film 11. However, since such a 
dielectric has a large refractive index, it is possible, by properly selecting the film thickness, to control the 
reflectance or the color tone by utilizing the interference effects. Particularly when it is used for a heat 
radiation shielding glass intended for high transmittance and low reflection in the visible light range by 

5 utilizing the interference effects, the thicknesses of the first layer 11 and the third layer 13 should preferably 
be adjusted to an optical film thickness within a range of from 1,000 to 1.800 A. The refractive indices of the 
first layer 1 1 and the third layer 13 should preferably be selected within a range of from 2.0 to 2.5, but they 
may be outside this range so long as the optical film thicknesses are within the proper range. The thickness 
of the heat radiation shielding film of the second layer 12 is preferably at most 1,000 A, most preferably 

w within a range of from 50 to 500 A, although it depends also on the desired transmittance. If the thickness 
exceeds 1,000 A, the absorption of visible lights by the heat radiation shielding film tends to be excessive, 
whereby the transmittance tends to be low. or peeling is likely to occur due to the internal stress. 

In a case where the outermost layer of the second layer 3 or the third layer 13 is an oxide film 
containing Zr and B and/or Si. it is effective to employ a nitride containing B and/or Si, particularly 

75 zirconium nitride, as the first layer 2 or the second layer 12 in order to improve the adhestion between the 
first layer 2 and the second layer 3 or between the second layer 12 and the third layer 13 and to reduce the 
internal stress in the first layer 2 or in the second layer 12. 

In a case where tin-doped indium oxide (ITO) is used as the first layer 2, it is preferred to adopt ITO 
having a high carrier density and large mobility and having a thickness of at least 4.000 A. In order to 

20 suppress the reflection color due to an interference, it is preferred to form ITO in a thickness of at least 
7,000 A. The second layer 3 is formed thereon, as a protective layer. Such an optical thin film having low 
resistance, high transmittance and good durability, is useful not only for a heat radiation shielding glass, but 
also for a window glass for shielding electromagnetic waves as a single plate, for electric heating and wind 
shielding of the front glass of an automobile, for antifogging of a rear glass, or for a transparent antenna. 

25 Further, by virtue of the chemical durability, it is useful as a protective coat for ITO (feeder electrode) of an 
electrochromic display element. 

In the case of a low reflective glass, a film having a higher refractive index than the outermost layer 3 
exposed to air. is formed as the first layer 2, or a three or more multi-layered structure is adopted. In the 
case of a three layered film, the reflectance can be reduced by adjusting the refractive index and the film 

30 thickness by forming an additional layer between the substrate 1 and the first layer 2 or between the first 
layer 2 and the second layer 3 in Figure 1 . There is no particular restriction as to the first layer 2 and the 
additional layer. It is possible to employ a low refractive index film and a high refractive index film having 
different contents of B and/or Si. 

In the case of a low emissivity glass, it is effective to adopt a three layered structure of substrate/oxide 

35 film/Ag/amorphous oxide film (particularly an oxide film containing B and/or Zr) or a five layered structure of 
substrate/oxide film/Ag/oxide film/Ag/amorphous oxide film. There is no particular restriction as to such an 
oxide film. However, ZnO may be mentioned as an example. Otherwise, an oxide film containing Zr and B 
and/or Si, may be employed. 

When the present invention is applied to a surface-coated mirror, chromium as a metal having good 

40 adhesion to glass may be formed as the first layer 2 on a substrate, and the amorphous oxide film of the 
present invention, particularly the amorphous oxide film containing B and/or Si and zirconium, may be 
formed thereon as the second layer 3. 

The substrate 1 or 10 is usually made of glass or a plastic. When used as a mirror, the substrate is not 
limited to such materials and may be a non-transparent substrate made of e.g. a metal or ceramics so long 

45 as it has a flat and smooth surface. 

As another application, it may be used as a protective film for a thermal head, i.e. not as an optical thin 

film. 

In the present invention, the optical thin film may be formed only on one side of a substrate as shown in 
Figures 1 and 2, or may be formed on each side of the substrate. 

so The amorphous oxide film constituting the outermost layer exposed to air of the optical product of the 
present invention, i.e. the second layer 3 in Figure 2 or the third layer 13 in Figure 3. contains glass- 
constituting elements such as B and Si and thus is amorphous, whereby smoothness of the surface is high, 
and the frictional resistance is low. Thus, the amorphous oxide film has high durability and serves as a 
protective layer to improve the abrasion resistance or the chemical resistance of an optical article of the 

55 present invention. Further, by adjusting the refractive index and the film thickness, it is possible to control 
the optical functions such as the transmittance. the reflectance and the color tone. 
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Particularly when the outermost layer is an oxide film containing Zr and B and/or S,, B and S, contribute 
,0 the ea Son of a film having excellent durability satisfying both the abrasion res.stance and the 
cSJ stability, since the film is made amorphous by the addition of boron to zirconium ox.de hav,ng 
rherniral stability aqainst an acid, an alkali, etc. 

Further B and Si contribute also to the control of the refractive index of the film. Namely, the refracts 
index can be lowered by increasing the proportions of B and Si. - 

in the present invention, layers other than the outermost layer primarily have optical functions and 
contribute to the transmittance or reflecting properties. 

in an optical article having heat radiation shielding properties, a nitride f,lm serves to prov.de the heat 
radiation shielding function. In a heat radiation shielding glass intended for high transm.ss.on an I low 
Section in the visible iight range by means of interference effects, the first layer 2 .n Figure : and ft, 
second layer 12 in Figure 3 serve to provide a heat radiation shieldmg funchon. and the first layer 11 and 
me thirdTayer 13 have a function to prevent the reflection in the visible light range of the heat rad,at,on 
shiplriina films 2 and 12, respectively. 

Figure 4 L a cross-sectional view of another embodiment of the article with high durability according to 
the present invention. This embodiment is intended to provide a heat radiation shielding glass having high 
duraSw sufficient for use as a single sheet and having high transmittance for visible lights, particular, a 
transmittance of at least 70% so as to be useful as a window glass for automobiles, whereby the 
ITZTZ color and the reflection color are both neutral. This embodiment provides a hea t radta.on 
shTedTng glass comprising at leas, two layers of a heat radiation shielding film and an ox.de M"^™* 
sequent^ on a transparent substrate, wherein the oxide film constitutes the outermost layer exposed to 

air and has a refractive index of at most 2.0. ;„H ir!> tes a heat 

In Figure 4, reference numeral 21 indicates a transparent substrate, numeral 22 indicate a 
radiation shielding film, and numeral 23 indicates an oxide film having a refractive index of at most 2.0. 

The most significant feature of the embodiment of Figure 4 is to form an oxide film , having a refractive 
index of at most 2.0 as the outermost layer exposed to air. If the refractive index of the oxide film of the 
outermost layer exposed to air exceeds 2.0. the reflectance for visible lights tends to be high. Con- 
gently the transmittance for visible lights will be low. whereby ,, w„, be difficult to ? obtain a ^— "ce 
for visible lights of a level of at least 70%. Thus, the refractive index of the ox.de f.lm 23 ,s preferably at 
most 2 0 more preferably at most 1 .8. most preferably at most 1 .7. 

There is no particular restriction as to the film material for such an oxide f.lm 23 so long as ,t has h gh 
durabX an d a refractive index of at most 2.0. However, among amorphous ox.de , Mm. i composed 
essentially of an oxide containing at least one member selected from the group consisting of Zr, T, HI 
Ta 2 in 'and a. least one member selected from the group consisting of B and Si according to the present 
intentn the one wherein n is at most 2.0 is preferred, since ,1 is excellent a,s 10 i n the sera ,c .res, s.anc 
and the abrasion resistance. In particular, a film of ZrB.O wherein x is 0.22 S x s i 1_0 and y n ^.33 y s 
<; „ film of ZrSi O wherein z is 0.22 s z < 19 and y is 2.44 < y < 40 and a film of ZrB„Si 2 O y wherein x. z 
and y 05 < + < 19 and 2 < y < 40 provided when x > 3, x S 3 ♦ 0.25Z and n S 2.0 are most 

su'ableTor appTieations where high durability ,s required, since they are exceilen, no. only in the scra.ch 
) resistance and the abrasion resistance but also in the chemical stability. 

1 he foregoing, an amorphous oxide film containing Zr and at leas, one of B or S,, has been desc .bed 
as a particularly preferred oxide film 23 for the outermost layer of the hea. radia.ion shielding glass of 
F gure 4 However, the oxide film 23 for the outermost layer is not limited to such a specific ^P» M 
maV further contain other components to improve the durability, to adiust the opt ical I P~P«*es « to 
5 rive the speed and the stability for the film-forming. Further, the oxide film 23 of the hea radiaton 
s'ield^g glass of Figure 4 may not necessarily be completely transparent and may be an absorptive film ,n 
an oxvoen-lackinq state or may contain a small amount of n.trogen or carbon. 

There ,s no particular restriction as to the thickness of the oxide layer 23. However ...he layer is too 
thin no adequate durability will be obtained. Therefore, the thickness ,s preferably at least 50 A, more 
o preferably at leas. 100 A, most preferably at least 150 A. although it depends upon the particular purpose^ 
On the oLr hand, ,f the layer is too thick, there will be interference effects, and the re. lection ■ color _ w II be 
strong, although it depends also on the refractive index. Therefore, the thickness ,s preferably at most 1,000 
A. more preferably at most 700 A, most preferably at most 500 A. 

There is no particular restriction as to the film material for the hea. radiation shielding film 22. The Hm 
* material may be selected from the group consisting of metals, carbides, oxides and mixtu es thereof 
depending upon the particular purpose or the desired specification. Specifically, a film composed essen- 
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tially of one member selected from the group consisting of titanium, chromium, zirconium, tantalum, 
hafnium, titanium nitride, chromium nitride, zirconium nitride, tantalum nitirde and hafnium nitride, is 
preferred, since it has excellent heat radiation shielding properties. 

The thickness of such a heat shielding film 22 is preferably at most 1,000 A, more preferably at most 

5 800 A depending upon the type of the substrate 21 and the refractive index and the thickness of the oxide 
layer 23. If the film 22 is too thick, the transmittance for visible lights decreases. Particularly, in the case of 
a nitride film, if the thickness exceeds 800 A, the internal stress tends to be large, and peeling of the film is 
likely to occur. On the other hand, if the film 22 is too thin, no adequate heat radiation shielding properties 
will be obtained. Therefore, the thickness is preferably at least 20 A, more preferably from 20 to 100 A, 

w although it depends also on the thicknesses and the types of the film material and the substrate glass. 

Further, there is no particular restriction as to the method for forming the oxide layer 23 and the heat 
radiation shielding film 22. Vacuum vapor deposition, ion plating or sputtering may be employed. However, 
a reactive sputtering method excellent in the uniformity, is preferred in a case where coating over a large 
area is required. 

;5 The transparent substrate 21 is usually made of glass or a plastic. 

In the embodiment of Figure 4. the color tone being neutral is meant for the following characteristics. 
Namely, as represented by the CIE color index, the change widths of the x-coordinate and the y-coordinate 
as between before and after the formation of a film such as the heat radiation shielding film or the oxide film 
on the substrarte surface, are represented by Ax and Ay. V(Ax) <; + (Ay)^ represents a color change due to 

20 the formation of the coating film, and the neutral color means that the value of this color change is at most 
0.008 and 0.032, more preferably at most 0.007 and at most 0.028, with respect to the transmission color 
and the reflection color, respectively. However, the reflection color may be different as between the surface 
on which a coating film is formed and the surface on which no such film is fomred. In such a case, the 
neutral color means the larger value. 

25 When the heat radiation shielding film 22 is a nitride film, an oxide film may be formed between the 
glass substrate and the nitride film in order to reduce the internal stress of the nitride film and thereby to 
increase the adhesion with the glass substrate. As another method of increasing the adhesion to the glass 
substrate, it is effective to employ a method wherein a primer layer is firstly formed on the glass substrate, 
then high energy ions are injected thereto, and thereafter, the heat radiation shielding film is formed 

30 thereon. For example, a titanium layer is formed as the primer layer, then high energy nitrogen ions are 
injected, and thereafter a titanium nitride film is formed, thereby a titanium nitride film having strong 
adhesion is obtainable as the heat radiation shielding film 22. 

In the heat radiation shielding glass of Figure 4, the oxide film 23 as the outermost layer exposed to air, 
exhibits an optical function by virtue of the refractive index and the film thickness. Namely, the oxide layer 

35 23 serves to reduce the reflectance of the heat radiation shielding glass and contributes to an improvement 
of the transmittance for visible lights. At the same time, it has a function to reduce the stimulating purity of 
the reflection color and to neutralize the entire color tone. Further, the oxide film 23 serves as a protective 
film to improve the abrasion resistance and the chemical stability of the heat radiation shielding glass. 

The heat radiation shielding film 22 serves to absorb solar energy and at the same time serves to 

40 control the transmittance for visible lights. 

The heat radiation shielding glass of Figure 4 has a multi-layered structure of at least two layers 
wherein a heat radiation shielding film and an oxide film having a refractive index of at most 2.0 are 
laminated on a transparent substrate. Thus, it has a natural color tone and has high transmittance for visible 
lights and high durability. Accordingly, it can be used adequately as a single plate heat radiation shielding 

45 glass in an application where it is used in a severe environment, such as an application to building 
construction or an application to automobiles. 

When an oxide film containing Zr and at least one of B and Si, is formed as the oxide film 23, a heat 
radiation shielding glass having excellent abrasion resistance and chemical resistance, is obtainable. 

By increasing the proportion of B or Si, or the total amount thereof, it is possible to bring the refractive 

so index of the oxide film to a level of at most 1.7, whereby it is possible to obtain a heat radiation shielding 
glass having a low reflectance for visible lights, high transparency and a neutral color tone. 

Further, when such an oxide film containing Zr and at least one of B and Si, is used as the outermost 
layer 23 exposed to air, film-forming can be conducted by direct current (DC) sputtering. This is most 
suitable for an application to automobiles or building construction where a film covering a large area is 

55 required. 

Figure 5 is a cross-sectional view of a still another embodiment of the article with high durability 
according to the present invention. This embodiment is an improvement in the durability over the heat 
radiation shielding glass shown in Figure 4. Namely, this is a heat radiation shielding glass wherein at least 
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three layers of a heat radiation shielding film 32, a low refractive index oxide film 33 -having a refractive 
index of at most 2.0 and a protective film 34, are formed on a transparent substrate 31 in this order from the 

substrate side. , tL , 

The transparent substrate 31 and the heat radiation shielding film 32 are similar to the transparent 
substrate 21 and the heat radiation shileding film 22 in Figure 4. The low refractive index ox.de film 33 may 
be any oxide film so long as the refractive index is at most 2.0. In the case of Figure 5, the low refractive 
index oxide layer 33 will not be the outermost layer and therefore is not required to be particularly excellent 
in the chemical stability. It is of course possible to employ the amorphous oxide film of the present 
invention composed essentially of an oxide containing at least one member selected from the group 
consisting of Zr Ti, Hf, Ta, Sn and In and at least one member selelcted from the group consisting of B and 
Si The low refractive index oxide film 33 serves to reduce the reflectance and to reduce the color due to 
interference of the reflection. It is preferred to form a thin metal layer prior to the formation of such an ox.de 
film 33 in order to protect the heat radiation shielding layer 32 from oxidation, since it is thereby poss.ble to 
readily control the transmittance, the reflectance and the color tone. 

As a protective film 34 constituting the third layer which has not only physical durability but also 
chemical stability, a film of ZrB,O y wherein x is 0.05 S x £ 1.0 and y is 2 < y £ 3.5, a film of ZrS. 2 O y 
wherein z is 0.05 < z < 19 and y is 2.1 < y < 40 and a film of ZrB x Si z O y wherein x, z and y are 0.05 £ x + 
z, z < 19 and 2 < y < 40 provided when x > 3, x £ 3 + 0.25Z, are preferred, since they are excellent not 
only in the scratch resistance and the abrasion resistance but also in the chemical stability. 

There is no particular restriction as to the thickness of the protective layer. However, if it is too thin, a 
continous film tends to be hardly obtainable. The thickness is preferably at least 30 A, more preferably at 
least 50 A although it depends upon the film-forming method. On the other hand, if the protective layer is 
too thick, the color due to interference becomes remarkable. When a neutral outer appearance is required, 
the thickness is preferably at most 500 A, more preferably at most 200 A. 

The heat radiation shielding film 32 may be the same as the above described heat radiation sh.eld.ng 
film 22 of Figure 4 and is preferably a film composed essentially of one member selected from the group 
consisting of one or more metals selected from the group consisting of Ti, Cr. Zr. Ta and Hf, nitrides of 
these metals, oxynitrides of these metals and absorptive oxides thereof, in view of the high heat radiation 
absorptive or reflective properties. Particularly preferred is titanium nitride or chromium oxyn.tr.de. The f.lm 
thickness may be substantially the same as the heat radiation shielding film 23 of Figure 4. 

The heat shielding glass shown in Figure 5 has the foregoing structure, whereby it has high durab.l.ty 
(not only the physical durability but also excellent chemical stability) sufficient for use as a single sheet and 
a high transmittance for visible lights at a level of at least 70% so that it is useful as a window glass. It is 
available as a heat radiation shielding glass which is neutral with respect to both the transmission color and 

the reflection color. . 

When a chromium oxynitride film is used as the heat radiation shielding f.lm, the resistance is high (at 
least 1 MO/d) as compared with a titanium nitride film, which is advantageous in that when used as a rear 
qlass for an automobile, it does not reduce the function of a printed antenna. 

Figure 6 is a cross-sectional view of another embodiment of the article with high durability according to 
the present invention. Namely, it is a novel heat radiation shielding article which has very high reflectance 
against lights in the infrared range and adequately high transmittance for lights in the visible light range and 
yet hardly deteriorates during the storage in a single sheet state or during the transportation to the site 
where it is processed for lamination. This is a heat radiation shielding article comprising a total of 2n + 1 
layers (n 2 1) of transparent oxide layers and silver layers alternately formed on a transparent substrate, 
and an amorphous oxide film provided as a protective layer on the outermost layer of sa.d 2n + 1 layers 

As the transparent substrate 41 of Figure 6. glass, a plastic or PET (Polyethylene terephthalate) may be 
used As the transparent oxide 42, a material having a relatively large refractive index, e.g. a material having 
a refractive index of n = 1.7 - 2.5. such as Ti0 2 , Zr0 2 , ln 2 0 3 . Sn0 2 , ZnO, Ta 2 0 5 or a mixture thereof, is 
used With respect to the layered structure of the heat radiation shielding article of Figure 6, a transparent 
, oxide layer 42 is used as the first layer on the substrate 41, a silver layer 43 is used as the second layer 
and a transparent oxide layer 42 is used as the third layer. Thus, the oxide layer 42 and the silver layer 43 
are alternately repeated so that the 2n + 1 layer will be a transparent oxide layer 42, and an amorphous 
oxide film 44 is coated as a protective layer on the transparent oxide layer 42 as the 2n + 1 layer. The n 
value of the 2n + 1 layer is preferably at most 3 in order to maintain the transmittance for visible lights at a 
5 level of at least 70%. The thickness of the transparent oxide layer 42 in a preferred embodiment of the heat 
radiation shielding article of Figure 6 may vary depending upon the material used but is generally within the 
following range. Namely, as the first layer, the thickness is from 200 to 600 A, as the 2n layer which is 
the outermost layer of the 2n + 1 layer coatings, the thickness is from 100 to 400 A, and as other 

14 



. <£P_Q463475A2_U» 



EP 0 486 475 A2 



intermediate layers, the thickness is from 400 to 1,200 A. These thickness ranges are prescribed to obtain 
high transmittance for lights in the visible light range. If the film thicknesses depart from these ranges, the 
interference conditions will not be maintained, whereby the reflection preventing effects can not be obtained 
adequately, and the transmittance for visible lights decreases. The transparent oxide layers 42 of the heat 
5 radiation shielding article of Figure 6 are preferably made of the same material from the view point of the 
productivity. However, the article is not limited to such a preferred embodiment, and any one of such layers 
may be made of a material different from the rest of the layers, or all layers may be made of different of 
materials. 

On the other hand, the thicknesses of the silver layers 43 should be at most 110 A to secure adequate 
70 transmittance for visible lights and to secure an adequately wide variable range of the reflection color by the 
adjustment of the layer thicknesses. Namely, if the silver layers 43 become thick, the transmittance for 
visible lights decreases and it becomes difficult to secure a transmittance of at least 70%. On the other 
hand, if the silver layers are too thin, silver tends to form discontinuous films, whereby the desired 
properties will be hardly obtainable, or the product is likely to readily deteriorate. Therefore, the thicknesses 
?5 of the silver layers should preferably be at least about 60 A. 

There is no particular restriction as to the amorphous oxide film to be used for the heat radiation 
shielding article of Figure 6. However, it is preferred to employ the amorphous oxide film of the present 
invention containing at least one member selected from the group consisting of Zr. Ti, Hf. Ta, Sn and In and 
at least one member selected from the group consisting of B and Si. 
20 More preferably, the amorphous oxide film may be made of an oxide containing Zr and at least one of 
B and Si. Particularly, a film of ZrB x O y wherein x is 0.05 ix« 1.0 and y is 2 < y £ 3.5. especially a film of 
ZrB x O y wherein x is 0.05 £ x £ 0.8 and y is 2 < y £ 3.2, a film of ZrSi z O y wherein z is 0 05 £ z < 19 and y 
is 2.1 < y < 40 and a film of ZrBxSi 2 O y wherein x, z and y are 0 05 S x + z, z < 19 and 2 < y < 40, 
provided that when x > 3, x ^ 0.25z + 3, are preferred, since they are excellent not only in the scratch 
25 resistance and the abrasion resistance but also in the chemical stability. 

The amorphous oxide protective film of Figure 6 may be substituted for the transparent oxide of the 2n 
+ 1 layer so that it is in direct contact with the silver layer. However, such an arrangement is not preferred, 
since such direct contact tends to deteriorate the durability. The reason for the deterioration has not yet 
been clearly understood, but is considered to be attributable to some side-reaction of boron in the 
30 amorphous oxide with the silver. Therefore, it is preferred to interpose a transparent oxide layer between the 
amorphous oxide film and the silver layer. 

The thickness of the amorphous oxide film 44 in Figure 6 is preferably from 100 to 500 A, more 
preferably from 200 to 400 A. although it is necessary to adjust it in view of the balance with the transparent 
oxide layers to obtain high transmittance in the visible light range. If the thickness of the amorphous oxide 
35 film is smaller than this range, no adequate performance as the protective layer will be obtained. On the 
other hand, if the thickness exceeds this range, it becomes difficult to attain a transmittance of at least 70% 
in the visible light range while maintaining the interference conditions. 

There is no particular restriction as to the method of forming the heat radiation shielding article of 
Figure 6. Vacuum vapor deposition, ion plating or sputtering may be employed. However, a reactive 
40 sputtering method excellent in the uniformity, is preferred in the case where coating over a large area is 
required. It is particularly preferred to prepare all the layers of the heat radiation shielding article including 
the first layer of a transparent oxide to the protective layer of the amorphous oxide in the same vacuum 
chamber. However, the article may be taken out in atmospheric air prior to forming the amorphous oxide 
film, and the amorphous oxide film may be formed thereafter, without adversely affecting the effectiveness. 
45 For the purpose of improving the adhesion and the durability of the heat radiation shielding article of 

Figure 6, a boundary layer having a thickness not to adversely affect the optical properties, may be inserted 
at the interface with the substrate or at the interface between the respective layers. This heat radiation 
shielding article may be applied to a low emissitivity glass or a door of a freezer show case wherein the 
article is double-glazed with another substrate with an inner space therebetween and with the amorphous 
50 oxide film side located inside, or to a laminated glass for an automobile or for a building construction 
wherein a substrate having the above coatings and another substrate are laminated with an interlayer 
disposed therebetween with the amorphous oxide film side located inside. 

The protecting mechanism by the amorphous oxide film in the heat radiation shielding article in Figure 
6 is not clearly understood, but is considered to have a merit in that the film is made amorphous by an 
55 addition of silicon or boron as an element for constituting glass. Oxidation of silver is believed to be the 
primary factor for the deterioration mechanism of an infrared reflecting article wherein transparent oxide 
layers and silver layers are alternately laminated. For the oxidation reaction, oxygen or moisture is required 
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to diffuse and if the film is crystalline, the grain boundaries constitute the passages for diffusion, whereby 
the oxidation reaction is facilitated. Therefore, as the protective layer, the amorphous layer free from crystal 
grain boundaries is utilized as a barrier against diffusion, whereby the durability is believed to be improved. 
As described in the foregoing, in the heat radiation shielding article of Figure 6, the amorphous oxide 
5 film is over-coated so that it functions as a barrier layer to prevent the deterioration of the s.lver layer by 
oxidation, whereby the durability is improved for a single sheet of an infrared reflecting article where.n 
transparent oxide layers and silver layers are alternately laminated. 

In the present invention, boron or silicon as a glass-constituting element is added in the protective layer 
whereby the film is made amorphous, and the smoothness of the film surface is improved and the fr.ct.onal 
10 resistance decreases for an improvement of the abrasion resistance. Therefore, the weatherab.l.ty of the 
single sheet is improved, and there is an additional effect observed such that the product is hardly 
scratched as compared with the conventional article. Further, it is also possible to further increase the 
effects of the amorphous oxide protective coating by improving the durability of the s.lver layer by 
incorporating an additive to the silver layer. . 
75 Fiqures 7 and 8 show other embodiments wherein the amorphous oxide film of the present .nvention is 
used as a metal diffusion barrier layer. Namely, these Figures are cross-sectional views of laminated 
structures wherein a glass sheet having a transparent conductive film composed of one or more layers 
including a metal layer and other glass sheet are lamianted with a plastic interlayer disposed therebetween 
with such a transparent conductive film located inside, wherein an amorphous ox.de layer <s disposed 
20 between the transparent conductive film and the plastic interlayer, as a barrier to prevent the d.ffus.on of the 

metal in the transparent conductive film. „ mK i*m. !« 

Such an amorphous oxide layer as a barrier is interposed to overcome conventual problems in 
laminated glass such that upon expiration of a long period of time, turbidity occurs. Inventors of the present 
invention have found that such turbidity takes place because the metal in a metal layer .n the transparent 
25 conductive film diffuses and react with moisture or oxygen contained in a small amount in the plast.c 

interlayer, so that the metal is oxidized. 

As such an amorphous oxide barrier film, it is preferred to employ the amorphous oxide film of the 
present invention composed essentially of an oxide containing at least one member selected from the group 
consisting of Zr. Ti. Hf, Ta, Sn and In and at least one member selected from the group cons.sting of B and 

S '" Fiqure 7 is a cross-sectional view of an embodiment of such a laminated glass structure. Between a 
glass sheet 51 located at the exterior side of a vehicle and a glass sheet 52 located at the interior s.de of 
the vehicle, a plastic interlayer 53 is disposed to bond these glass sheets 51 and 52. 

At the bonding surface of either one of these glass sheets 51 and 52, preferably at the bonding surface 
35 of the glass sheet 51 located at the exterior side of the vehicle, a transparent conductive film 54 and an 
amorphous oxide film 58 as a barrier are disposed so that the amorphous oxide film 58 as the barr.er is 
located at the side of the plastic interlayer 53. ^ 

In this case, the above transparent conductive film 54 is formed to have a mult.-layered structure such 
as ZnO/Ag/ZnO or Sn0 2 /Ag/Sn0 2 wherein a metal film 56 such as Ag or Au is sandw.tched between 
40 dielectric films 55 and 57. Between this transparent conductive film 54 and the above-mentioned palstic 
interlayer 53. an amorphous oxide film 58 as a barrier formed by the amorphous oxide film of the present 
invention such as a ZrB x O y film having a thickness of from 10 to 100 A. is disposed. 

As the above-mentioned dielectric films 55 and 57 in the present invention, a T.0 2 film or a ITO film 

may also be used as the case requires. . 

45 Fiqure 8 is a cross-sectional view of another embodiment of a laminated glass structure, where.n the 
rear side electrode of a solar cell is made of the transparent conductive film of the present invention. 
Namely, on a glass sheet 61 through which incident light enters into the solar cell, an alkali barr.er film 71 
made of e.g. Si0 2 or Al 2 0 3 , a first transparent electrode 72 made of Sn0 2 or ITO. an a-Si film 73 and a rear 
side electrode (transparent conductive film) 64 are sequentially formed. Then, the amorphous ox.de film 68 

so as a barrier is formed on said rear side electrode 64. so that, when such a glass sheet 61 and a glass sheet 
62 at the inerior side of the vehicle are bonded with a plastic interlayer 63 interposed therebetween the 
amorphous oxide film 68 as a barrier is disposed between the transparent conductive film 64 and the 

'^sTh ^transparent conductive film 64 as the rear side electrode may be composed of two or more 
55 layers such as a metal film 74 and other film 75, or may be composed solely of one layer of the metal film 
74. 
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Such a metal layer 74 may be a layer made of Ag, Au, Pd or Al or an alloy film made of at least two 
different kinds of these metals. Further, said other film 75 may be a film made of ZnO. ZnS, TiCk. ITO or 
Sn0 2 . 

A suitable method such as spraying, vacuum deposition, DC sputtering or chemical vapor deposition, 
5 may be used as the method of forming the above-mentioned transparent conductive films 54 and 64 or the 
amorphous oxide barrier films 58 and 68. However, in view of the productivity and the film properties, it is 
preferred to form films by the DC sputtering method. A multi-layered film thereby formed preferably has a 
three-layered structure such as ZnO x /Ag/ZnO x or SnO x /Ag/SnO x from the viewpoint of the deposition speed 
or the cost of the target, or Ag/ZnO x in the case of the rear electrode of a solar cell. For the preparation of 
jo such a laminated glass, a glass sheet may preliminarily be molded into a desired shape prior to the 
formation of the films, or the films are preliminarily formed and then the glass sheet may be molded into a 
desired shape. 

The amorphous oxide barrier films 58 and 68 are preferably formed in a thickness of from 10 to 100 A. 
If they are thinner than this range, no adequate metal diffusion preventing ability will be obtained. On the 
15 other hand, if they are thicker than 100 A, no further improvement of the metal diffusion preventing ability 
will be observed. 

As the plastic interlayers 53 and 63 to be used for bonding glass sheets 51 and 52 or 61 and 62, PVB, 
EVA (ethylene-vinyl acetate copolymer) or urethane may be used. For the formation of a laminated glass for 
an automobile, it is preferred to employ PVB having excellent adhesiveness. 

20 In Figures 7 and 8, laminated glass structures are illustrated wherein two glass sheets are used. 
However, the present invention may also be applied to a laminated glass wherein three or more glass 
sheets are used. In such a case, the above-mentioned transparent conductive films 54 and 64 and the 
amorphous oxide barrier films 58 and 68 are preferably formed on the bonding surface of the glass sheet 
located at the exterior side of a vehicle i.e. at the outermost side. 

25 Having such constructions, the embodiments of Figures 7 and 8 are capable of effectively suppressing 

turbidity by the functions of the metal oxide films 58 and 68 interposed as barriers. 

To ascertain the effects of the present invention, experiments have been conducted in comparison with 
Comparative Examples. The results are shown in Table 3. 
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As shown in Table 3, no change with respect to the turbidity was observed even in the Comparative 
Examples where the transparent conductive film 54 or 64 was made of a single layer of a ITO film or a 
Sn0 2 film. However, when the transparent conductive film is made of a multilayered f.lm such as a three 
layered film of ZnO/Ag/ZnO or Sn0 2 /Ag/Sn0 2 wherein the silver layer is sandwitched by dielectric layers, 
turbidity occurred by UV irradiation for 100 hours. It is anticipated that such turbidity has resulted because a 
metal (such as silver) in the metal layer (such as the silver layer) was activated by the UV irradiation and 
penetrated through the dielectric layers (such as the ZnO film and the Sn0 2 film) and diffused to the PVB 
film, whereby the metal is oxidized by the moisture or oxygen contained in the PVB film. 
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On the other hand, no turbidity was observed after the UV irradiation for 100 hours, when an amorphous 
oxide barrier film was interposed between the transparent conductive film (as identified in the Table by -) 
composed of one or more layers including a metal layer and the PVB film, to prevent the diffision of the 
metal from such a transparent conductive film to the PVB film as in the case of the Examples of the present 
invention in Table 3. Thus, it has been confirmed that the interposition of such an amorphous oxide barrier 
film is very effective to suppress the formation of turbidity. 

In the embodiments of Figures 7 and 8, the diffusion of the metal can adequately be prevented, since 
the amorphous oxide barrier film has an adequately dense structure. Whereas, with the crystalline film, the 
crystal grain boundaries are believed to constitute the passages for diffusion, whereby oxidation is 
facilitated. 

Figure 9 is a cross-sectional view of a heat radiation shielding glass prepared by a process whereby the 
optical properties of the article with high durability of the present invention is stabilized, whereby the 
following problems have been overcome. 

It is common to employ a direct current (DC) sputtering method when a coating is applied to a glass 
sheet having a large area useful for e.g. automobiles or building construction. When an oxide film is formed 
by this method, electric conductivity is required for the target. Therefore, it is usual to employ a metal target 
although there is an exception such as use of ITO or Al-doped ZnO. During the formation of an oxide film 
by the reactive sputtering in an oxygen plasma atmosphere, it is unavoidable that a part of the previously 
formed heat radiation shielding layer is oxidized. The degree of the oxidation can hardly be controlled by 
the technique presently available. Consequently, there has been a problem that the optical properties are 
varied. 

Under these circumstances, the present inventors have found a process of forming a thin barrier layer 
to prevent such oxidation of the heat radiation shielding layer, on the heat radiation shielding layer, prior to 
the formation of an oxide film on the heat radiation shielding layer. 

Figure 9 is a cross-sectional view of an embodiment of a heat radiation shielding glass prepared by 
such a process, wherein a reference numeral 81 indicates a substrate made of transparent or colored glass 
or plastic, numeral 82 is a heat radiation shielding film made of e.g. a metal, a nitride, a carbide, an 
absorptive oxide or a mixture thereof, numeral 83 indicates an oxidation barrier film, and numeral 84 
indicates an oxide film. 

The most signigicant feature of this process is to form a thin oxidation barrier film 83 on the heat 
radiation reflecting film 82 to prevent the oxidation of the film 82. There is no particular restriction as to the 
film material of this barrier film 83. However, in a case where the film-forming is conducted in a multi path 
mode by usual sputtering, a metal film or a nitride film capable of being formed from a target useful also for 
the heat radiation reflecting film or for the oxide film formed on the atmospheric air side, is preferred in view 
of the productivity. If the film thickness is too thin, no adequate barrier effects will be obtained, and a part of 
the heat radiation reflecting film 82 will be oxidized when the outermost oxide film 4 is formed by reactive 
sputtering. On the other hand, if the film is too thick, it will remain as not completely oxidized, whereby the 
transmittance will be low. Therefore, the film thickness is preferably from 5 to 30 A, more preferably from 
10 to 20 A. 

The embodiment of Figure 9 has at least three-layered structure as mentioned above. However, in 
some cases, one or more layers may be formed between the substrate 81 and the radiation reflecting film 
82 or between the oxidation barrier film 83 and the oxide film 84. to improve the adhesion or to adjust the 
optical properties. 

The oxide film 84 is preferably the amorphous oxide film of the present invention, particularly the oxide 
film containing Zr and at least one of B and Si. However, the oxide film 84 is not limited to such specific 
examples and may contain other components to improve the durability, to adjust the optical properties or to 
improve the speed and the stability for the film-forming. The oxide film of the present invention may not 
necessarily be transparent and may be an absorptive film in an oxygen-lacking state or may contain a small 
amount of nitrogen or carbon. 

There is no particular restriction as to the oxide film 84. However, the oxide film containing Zr and at 
least one of B and Si, is suitable particularly for an application where high durability is required, since such 
an oxide film is excellent in the scratch resistance and in the chemical stability. When the oxide film 84 
contains Zr and at least one of B and Si. there is no particular restriction as to the respective proportions. 
However, if the content of B or Si is small, the film tends to be crystalline, whereby the surface smoothness 
tends to be inadequate. Consequently, the scratch resistance tends to be poor. Therefore, the atomic ratio 
of B, Si or the total amount thereof to Zr is preferably at least 0.05. Specifically, a film of ZrB x O y wherein x 
is 0.05 5x5 1 .0 and y is 2 < y < 3.5, a film of ZrSi 2 0 y wherein z is 0.05 5 z < 19 and y is 2.1 5 y < 40 and 
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a film of ZrB x Si 2 0 y wherein x, z and y are 0.05 <; x + z, z < 19 and 2 < y < 40, provided that when x > 3, x 
< 0.25z + 3, are preferred, since they are excellent in the scratch resistance, the abrasion resistance and 

the chemical stability. _ 

There is no particular restriction as to the thickness of the oxide film 84. However, if the oxide film is too 
thin no adequate durability will be obtained. Therefore, the thickness is preferably at least 50 A, more 
preferably at least 100 A. most preferably at least 150 A, although it depends upon the particular purpose. 
On the other hand, if the oxide layer is too thick, the productivity will be poor, and the interference effects 
will result whereby the reflection color tends to be strong. Therefore, the thickness is usually at most 1,000 
A preferably at most 700 A, more preferably at most 500 A, although it depends upon the refractive index. 

There is no particular restriction as to the method of forming the oxide film 84. Vacuum vapor 
deposition, ion plating or sputtering may be employed. 

There is no particular restriction as to the film material of the heat radiation reflecting film 82. It may be 
selected from the group consisting of metals, nitrides, carbides, absorptive oxides and mixtures thereof, 
depending upon the particular purpose or the required specification. Usually, the heat radiation reflecting 
film 82 is selected from the group consisting of titanium, chromium, zirconium, titanium nitride, chromium 
nitride and zirconium nitride. 

When the heat radiation reflecting film 82 is made of a nitride film, it is effective to form an oxide in 

order to increase the adhesion with the substrate 81. 

In this method, the oxidation barrier film 83 effectively prevent the heat radiation reflecting layer 82 from 
being partially oxidized in the oxygen plasma atmosphere during the formation of an oxide film 84 by the 
reactive sputtering, in such a manner that the barrier film 83 itself is oxidized. As a result, a heat radiation 
shielding glass having constant optical properties can readily be produced. 

On the other hand, if this oxidized barrier layer is not formed, a part of the heat radiation reflecting film 
82 such as Ti will be partially oxidized to form Ti0 2 . whereby the reflectance increases, and the color tone 
will not only be changed but also hardly be reproduced constantly. 

It is preferred that as the oxidation barrier layer 83, the same metal as used in the oxide film formed 
thereon is employed, since the oxide film will have a composition where the degree of ox.dation 
continuously changes at the side being in contact with the heat radiation reflecting film, whereby the 
adhesion between the oxidation barrier layer 83 and the oxide film 84 is increased. It is further preferred 
that almost all of the metal of the oxidation barrier layer 83 is oxidized during the formation of the ox.de film 
so that the structure will be the same as a double layered structure from the optical point of view. 

For example, when a ZrB x O y film is to be formed as the oxide film, it is possible to constantly obtain a 
heat radiation shielding glass having a structure of substrate/heat radiation reflecting fi!m/ZrB x O y .f a th.n 
ZrB 2 film is formed as the oxidation barrier layer 83 on the heat radiation reflect.ng film pr.or to the 

formation of the ZrB x O y film. 

The method of forming the oxidation barrier layer as described above can be applied to the product.on 
of other than the heat radiation shielding glass illustrated in Figrue 9. Namely, such an oxidation barrier 
layer may be formed, for example, between the first layer 2 and the second layer 3 in Figure 2, between 
the second layer 12 and the third layer 13 in Figure 3, between the first layer 22 and the second layer 23 in 
Figure 4, between the first layer 32 and the second layer 33 in Figure 5. between the 2n layer 43 and the 
2n + 1 layer in Figure 6. and in the case where the transparent conductive films 54 and 64 in Figures 7 
and 8 are non-oxides, between said layers and the barrier layers 58 and 59. to obtain optically stable 
articles with high durability according to the present invention in a similar manner. 

The amorphous oxide film of the present invention may be formed as a layer for a scratch resistant 
protective film on one side or each side of the transparent substrate to obtain a transparent sheet prov.ded 
with a scratch resistant protective film. 

Figure 10 illustrates a diagrammatical cross-sectional view of an embodiment of such a scratch resistant 

protective film-provided transparent sheet. 

The transparent substrate 92 to be used in the present invention may be made of soda lime glass, 
borosilicate glass, lead silicate glass, aluminosilicate glass, aluminoborate glass, quartz glass, barium borate 
glass or any other solid glass material without any particular restriction as to the composition. Further, it is 
also possible to employ a plastic substrate. The shape of the substrate is not restricted to a flat plate, and 
the substrate may have a curved shape or any other shape. From the viewpoint of safety, a glass substrate 
is preferably the one strengthened by air cooling reinforcement or chemical reinforcement, or the one 
i treated by lamination to prevent scattering of glass fragments upon breakage. 

The thickness of the scratch resistant protective film 91 is preferably from 100 to 5,000 A. If the film is 
too thin, no adequate scratch resistance will be obtained. On the other hand, if it is too thick, peeling of the 
film is likely to occur, and the productivity tends to be poor. 
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The scratch resistat protective film 91 is preferably the amorphous oxide film of the present invention. 
Particularly preferred are a film of ZrB x O y wherein x is 0.05 S x £ 1.0 and y is 2 < y £ 3.5, a film of ZrSi 2 0 y 
wherein z is 0.05 £ z < 19 and y is 2.1 2 y < 40 and a film of ZrB x Si 2 O y wherein x, z and y are 0.05 ix + 
z, 2 < 19 and 2 < y < 40, provided that when x > 3, x S 0.25z + 3, since they are excellent not only in the 

5 scratch resistance and the abrasion resistance but also in the chemical stability. Such an oxide film 
containing Zr and B and/or Si is not limited to the four component system of Zr, B, Si and O and may 
further contain other components to improve the durability, to adjust the optical properties or to improve the 
speed and the stability for film-forming. 

The contents of B and/or Si and the thickness of the scratch resistant protective film 91 are suitablly 

w selected depending upon the particular purpose of the transparent sheet. For example, in the case of glass 
to be used for the read out portion of a bar cord reader, it is preferred to use soda lime glass having a 
thickness of 5 mm with a ZrB x O y film having a thickness of from 300 to 600 A in view of the the 
transmittance for a laser beam having a wavelength of 6328 A. 

As the method of forming the scratch resistant protective film 91 of the present invention, a film-forming 

15 method such as vapor deposition, sputtering or ion plating may be employed. There is no particular 
restriction as to the method for its formation. However, the sputtering method is preferred among them, 
since the starting material may not thereby be melted, the film composition can easily be controlled or 
reproduced, the energy of particles reaching the substrate is high, and it is possible to obtain a film having 
good adhesion, whereby the amorphous film of the present invention can readily be obtained. To improve 

20 the adhesion of the film to the substrate, an ion injection method may be used in combination. Namely, 
argon ions or oxygen ions with a high energy at a level of a few 10 keV may be irradiated on the protective 
film 91 formed on a glass substrate, to form a mixed layer between the protective film and the glass 
substrate to increase the adhesion to the glass substrate. Further, depeding upon the particular purpose, it 
is also effective to reduce the frictional coefficient by coating a thin organic lubricating film on the protective 

25 film 91. As an application of the scratch resistant protective film-provided transparent sheet of Figure 10, a 
cover glass (also called a scanner glass) for the read out portion of a bar cord reader may primarily be 
mentioned. Figure 1 1 shows a diagrammatical view of a bar cord reader. Reference numeral 93 indicates 
the glass for the read out portion of the bar cord reader. Reading out of a bar cord is conducted by sliding a 
commercial good having a bar cord labelled thereon, on the bar cord reader 94. The transparent sheet of 

30 Figure 10 may be used also for others purposes, for example, as a glass plate for a stand table for a 
copying machine or as a transparent sheet in general where scratch resistance is required. 

Now, the present invention will be described in further detail with reference to Examples and 
Comparative Examples. 

The following Examples and Comparative Examples are directed to articles with high durability as 
35 illustrated in Figures 2 and 3. 

EXAMPLE 1 

A glass substrate was placed in a vacuum chamber of a sputtering apparatus, and the vacuum chamber 
40 was evacuated to a pressure of 1 x 10~ 6 Torr. A gas mixture of argon and nitrogen was introduced to bring 
the pressure to 2 x 10~ 3 Torr. Then, titanium was subjected to reactive sputtering to form titanium nitride 
(first layer) in a thickness of about 200 A. Then, the gas was changed to a gas mixture of argon and 
oxygen, and the pressure was adjusted to 2 x 10~ 3 Torr. Then, a 2irconium/boron target (atomic ratio 70/30) 
was subjected to reactive sputtering to form an amorphous oxide film comprising 2irconium and boron 
45 ZrB x O y (second layer, x = 0.14, y = 2.21) in a thickness of about 500 A. 

The visible light transmittance Tv, the solar energy transmittance T E , the visible light reflectance on the 
coating surface R V f and the visible light reflectance on the glass surface Rvg of the heat radiation reflecting 
glass thus obtained, were 53%, 42%, 6% and 28%, respectively. The film was immersed in a 1N 
hydrochloric acid or sodium hydroxide for 6 hours or in boiling water for two hours to examine the 
50 durability. In each case, the changes in the transmittance and in the reflectivity were within 1%. 

In the scratch test by means of an abrasive eraser, no substantial scratch mark was observed, and the 
film showed excellent scratch resistance. 

EXAMPLE 2 

55 

In the same manner as in Example 1 , titanium nitride (first layer) was formed in a thickness of about 
200 A on a glass substrate. Then, the gas was changed to a gas mixture of argon and oxygen, and the 
pressure was adjusted to 2 x 10~ 3 Torr. Then, a zirconium/boron target (atomic ratio 33/67) was subjected 
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to reactive sputtering to form an amorphous oxide filrn comprising zirconium and boron ZrB x O y (second 
layer, x = 0.99. y = 3.49) in a thickness of about 500 A. The optical properties T v , T E , R VF and R VG of the 
heat radiation reflecting glass thus obtained, were 55%. 42%, 3% and 20%, respectively. 

The durability tests were conducted in the same manner as in Example 1, and the film exhibited 
5 similarly excellent properties. 

EXAMPLE 3 

A glass substrate was placed in a vacuum chamber of a sputtering apparatus. The chamber was 
w evacuated to a pressure of 1 x 10~ 6 Torr. A gas mixture of argon and oxygen was introduced to bring the 
pressure to 2 x 10 -3 Torr. While heating the substrate at a temperature of about 350 *C, a ITO target was 
subjected to sputtering to form ITO (first layer) in a thickness of about 1 u.m. Then, by changing the 
proportions of the gas mixture of argon and oxygen, a zirconium/boron target (atomic ratio 33/67) was 
subjected to reactive sputtering to form an amorphous oxide film ZrB x O y (second layer x = 0.99. y = 3.49) 
75 in a thickness of about 760 A. 

The durability of the heat radiation reflecting glass thus obtained was evaluated in the same manner as 
in Example 1 , whereby it showed excellent durability. 

EXAMPLE 4 

20 

A glass substrate was placed in a vacuum chamber of a sputtering apparatus. The chamber was 
evacuated to a pressure of 1 x 10 _s Torr. A gas mixture of argon and oxygen was introduced to bring the 
pressure to 2 x 10 -3 Torr. Then, tantalum was subjected to reactive sputtering to form tantalum oxide (first 
layer) in a thickness of about 620 A. Then, a zirconium/boron target (atomic ratio 33/67) was subjected to 
25 reactive sputtering in the same manner to form an amorphous oxide film ZrB x O y (second layer x = 0.99, y 
= 3.49) in a thickness of about 760 A. 

The vacuum was released, and the substrate was overturned. Then, similar two layers were formed on 

the rear side in the same manner. 

The reflectance of the low reflective glass thus obtained was about 1.5%. The durability was excellent 

30 as in the case of Example 1. 
EXAMPLE 5 

A glass substrate was placed in a vacuum chamber of a sputtering apparatus. The chamber was 
35 evacuated to a pressure of 1 x 10 _s Torr. A gas mixture of argon and oxygen was introduced to bring the 
pressure to 2 x 10~ 3 Torr. Then, a zirconium target containing boron (Zr:B = 70:30) was subjected to RF 
(radio frequency) magnetron sputtering to form an amorphous oxide film ZrB x O y (first layer x = 0.14, y = 
2.21) in a thickness of about 600 A. Then, the gas was changed to a gas mixture of argon and nitrogen, and 
the pressure was adjusted to 2 x 10 -3 Torr. Then, a titanium target was subjected to high frequency 
40 magnetron sputtering to form titanium nitride (second layer) in a thickness of about 120 A. Then, under the 
same condition as in the first layer, a ZrB x O y film (third layer x = 0.14, y = 2.21) was formed in a thickness 
of about 600 A. 

The visible light transmittance T v and the solar energy transmittance T E of the sample thus obtained 
were about 80% and about 60%, respectively. Durability tests were conducted in the same manner as in 
45 Example 1, and the sample showed excellent properties as in Example 1. 

EXAMPLE 6 

A glass substrate was placed in a vacuum chamber of a sputtering apparatus. The chamber was 
so evacuated to a pressure of 1 x 10 -6 Torr. A gas mixture of argon and oxygen was introduced to bring the 
pressure to 2 x 10 -3 Torr. Then, a titanium target containing silicon was subjected to high frequency 
magnetron sputtering to form an amorphous oxide film TiSi x O y (first layer x = 0.33, y = 2.66) in a 
thickness of about 600 A. Then, the gas was changed to a gas mixture of argon and nitrogen, and the 
pressure was adjusted to 2 x 10 -3 Torr. Then, a titanium target was subjected to high frequency magnetron 
55 sputtering to form titanium nitride (second layer) in a thickness of about 120 A. Then, under the same 
condition as in the case of the first layer, an- amorphous oxide film TiSi x O y (third layer x = 0.33, y = 2.66) 
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was formed in a thickness of about 600 A. The visible light transmittance and the sunlight transmittance of 
the sample thus obtained were substantially the same as in Example 5. The durability was also substantially 
the same as in Example 5. 

COMPARATIVE EXAMPLE 1 

To ascertain the effects of Example 5, a zirconium oxide film containing no boron (first layer) was 
formed in a thickness of about 600 A. Then, the gas was changed to a gas mixture of argon and nitrogen, 
and the pressure was adjsuted to 2 x 10" 3 Torr. Then, a titanium target was subjected to high frequency 
magnetron sputtering to form titanium nitride (second layer) in a thickness of about 120 A. Then, under the 
same condition as in the case of the first layer, a zirconium oxide film (third layer) was formed in a 
thickness of about 600 A. 

The sample thus obtained was subjected to the abrasion eraser test, whereby a number of scratch 
marks were observed, showing poor scratch resistance and abrasion resistance. 

COMPARATIVE EXAMPLE 2 

To ascertain the effects of Example 6, a titanium oxide film containing no silicon (first layer) was formed 
in a thickness of about 600 A. The gas was changed to a gas mixture of argon and nitrogen, and the 
pressure was adjusted to 2 x 10~ 3 Torr. Then, a titanium target was subjected to high frequency magnetron 
sputtering to form titanium nitride (second layer) in a thickness of about 120 A. Then, under the same 
condition as in the case of the first layer, a titanium oxide film (third layer) was formed in a thickness of 
about 600 A. 

The sample thus obtained was subjected to the abrasion eraser test, whereby a number of scratch 
marks were observed, showing poor scratch resistance and abrasion resistance. 

Now, Examples of the article with high durability shown in Figure 4 will be given. 

EXAMPLE 7 

A glass substrate was placed in a vacuum chamber of a sputtering apparatus. The chamber was 
evacuated to a pressure of 1 x 10~ 6 Torr. As a glass substrate, a blue glass substrate having a thickness of 
4 mm was used. The same glass substrate was used also in Example 8 et seq. Then, a gas mixture of 
argon and nitrogen was introduced to bring the pressure to 2 x 10~ 3 Torr. Then, titanium was subjected to 
reactive sputtering to form titanium nitride (first layer) in a thickness of about 20 A. Then, the gas was 
changed to a gas mixture of argon and oxygen, and the pressure was adjusted to 2 x 10 -3 Torr. Then, a 
ZrB2 target was subjected to reactive sputtering to form an oxide film comprising zirconium and boron 
(second layer) in a thickness of about 200 A. The visible light transmittance T v , the the solar energy 
transmittance T E , The visible light reflectance on the coating surface R V f. the visible light reflectance on the 
glass surface R VG and color changes in the transmittance and in the reflectance 

^(Ax)* + (Ay^ of the heat radiation shielding glass thus obtained, were 71%, 56%, 13%, 12%, 0.0068 and 
0.026, respectively. 

The transmission color and the reflection color were neutral to such an extent that there was no 
substantial distinction from the base glass sheet. 

The heat radiation shielding glass was immersed in 1N hydrochloric acid or sodium hydroxide for 6 
hours or in boiling water for two hours to examine the durability of the film, whereby no change in the 
optical properties was observed. 

In the abrasion test by means of an abrasive eraser, no substantial scratch mark was observed, and 
thus the film showed excellent scratch resistance. 

EXAMPLE 8 

In the same manner as in Example 7, zirconium was subjected to reactive sputtering to form zirconium 
nitride (first layer) on a glass substrate in a thickness of about 20 A. Then, the gas was changed to a gas 
mixture of argon and oxygen, and the pressure was adjusted to 2 x 10~ 3 Torr. Then, a zirconium/boron 
target (atomic ratio 20/80) was subjected to reactive sputtering to form an oxide film ZrB x O y comprising 
zirconium and boron (socond layer x = 1.78, y = 4.67) in a thickness of about 200 A. 
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The optical properties T v , T E , FW, Rvg and the color changes in the transmittance and in the reflectance 
of the heat radiation shielding glass thus obtained, were 71%, 55%, 12%. 12%, 0.0067 and 0.026, 
respectively. 

The heat radiation shielding glass was immersed in 1N hydrochloric aicd or sodium hydroxide for 6 
5 hours or in boiling water for two hours to examine the durability of the film of this Example.- whereby no 
change in the optical properties was observed. The durability test was conducted in the same manner. as in 
Example 7, whereby the film showed excellent properties as in Example 7. 

EXAMPLE 9 

70 

In the same manner as in Example 7, chromium was subjected to reactive sputtering to form chromium 
nitride (first layer) on a glass substrate in a thickness of about 10 A. Then, the gas was changed to a gas 
mixture of argon and oxygen, and the pressure was adjusted to 2 x 10 -3 Torr. Then, a target containing 
ZrB 2 and SiC was subjected to reactive sputtering to form an oxide film (ZrB x Si z O y ) containing zirconium, 
75 boron and silicon (second layer x = 0.99, z = 0.41, y = 4.31) in a thickness of about 200 A. The optical 
properties T v . T E , R VF , Rvg and the color changes in transmittance and the reflectance of the heat radiation 
shielding glass thus obtained, were 72%, 58%, 10%, 9%, 0.0074 and 0.029, respectively. 

The transmission color and the reflection color were not substantially distinguished from those of the 
base glass sheet. The durability was also excellent as in Example 7. 

20 

EXAMPLE 10 

Instead of titanium nitride in Example 7, chromium, titanium or zirconium was formed as the first layer 
in a thickness of about 10 A. A ZrB 2 target was subjected to reactive sputtering^ to form an oxide film 
25 containing zirconium and boron (second layer) thereon in a thickness of about 200 A, to obtain three types 
of heat radiation shielding glasses. With respect to T v , T E , Rvf and R VG of these glasses, there was no 
substantial difference among chromium, titanium and zirconium, and they were 72%, 58%, 11% and 10%, 
respectively. The color changes in the transmission color and the reflection color were from 0.0031 to 
0.0065 and from 0.028 to 0.030, respectively, i.e. as excellent as in Example 7. The durability was also 
30 excellent as in Example 7. 

Now, Examples for the articles with high durability as shown in Figures 5 and 9 will be given. 

EXAMPLE 11 

35 In the same manner as in Example 7, titanium nitride (first layer) was formed in a thickness of 20 A. 

Then, as an oxidized barrier layer for the titanium nitride, a ZrB 2 film (second layer) was formed in a 
thickness of 15 A in an argon atmosphere by using a ZrB 2 target. Then, the gas was changed to a gas 
mixture of argon and oxygen, and the pressure was adjusted to 2 x 10 -3 Torr. A ZrB 2 target was^subjected 
to reactive sputtering to form a ZrB x O y film (third layer x = 0.99. y = 3.49) in a thickness of 60 A. Further, 
40 a target having a composition of Zr 7 oB 3 o was subjected to reactive sputtering in a. gas mixture of argon and 
oxygen to form a ZrB x Cy film (fourth layer x = 0.14, y = 2.21) in a thickness of 80 A. 

The optical properties T v , T E , R VF and R VG of the heat radiation shielding glass thus obtained, were 
72%, 57%, 11% and 8%, respectively. 

The heat radiation shielding glass was immersed in 0.1N H 2 SO*, 0.1N NaOH and water of 100° C for 
45 2 00 hours, 200 hours and two hours, respectively. In each case, the changes in the transmittance and the 
reflectance were within 1%. 

In the abrasion test by means of an abrasive eraser, no substantial scratch mark was observed, and the 
film showed excellent scratch resistance. 

50 EXAMPLE 12 

Chromium was subjected to reactive sputtering in a gas mixture of argon, nitrogen and oxygen to form 
a CrN x O y film (first layer) on a glass substrate in a thickness of 20 A, and the second to fourth layers were 
formed in the same manner as in Example 11 to obtain a heat radiation shielding glass. ■ ■ 

55 Its optical properties T v , T E . R VF and Rvg were 71%, 59%, 10% and 9%, respectively. Its durability was 

as excellent as in Example 11. 
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EXAMPLE 13 

In the same manner as in Example 11, 20 A of a TiN film (first layer) and 15 A of a ZrB 2 film (second 
layer) were formed. Then, in an atmosphere of argon and oxygen (2 x 10~ 3 Torr), a ZrB2 target was 
5 subjected to reactive sputtering to form a ZrB x O y film (third layer x = 0.99, y = 3.49) in a thickness of 
about 200 A. The optical properties T v , T E , R V f and R VG of the radiation shielding glass thus obtained, were 
71%, 56%, 10% and 9%, respectively. The rests of the properties were substantially the same as in 
Example 1 1 . 

Now, Examples and Comparative Examples for the article with high durability as shown in Figure 6 will 
70 be given. 

EXAMPLE 14 

On a cathode of a magnetron DC sputtering apparatus, targets of metal Zn, metal Ag and Zr-B (Zr/B = 

T5 7/3) were placed. A soda lime glass substrate having a thickness of 2 mm was throughly cleaned by e.g. 
polishing, dried and then placed in a vacuum chamber. The chamber was evacuated to a pressure of 1 x 
10~ 5 Torr by an oil diffusion pump. Here, no heating of the substrate was conducted. Then, oxygen gas was 
introduced to the vacuumed system to bring the pressure to 3.0 x 10~ 3 Torr. !n this state, a power of 5.2 
W/cm 2 was applied to the metal Zn target to form a ZnO film in a thickness of 400 A. Then, the atmosphere 

20 in the vacuumed system was replaced completely by 100% pure argon gas, and the pressure was adjusted 
to 3.5 x 10 -3 Torr. In this state, a power of 0.8 W/cm 2 was applied to the metal Ag target to form a Ag film 
in a thickness of 150 A. Then, the atmosphere in the vacuumed system was again changed to 100% 
oxygen gas, and a ZnO film was formed in a thickness of 200 A under a pressure of 3.0 x 10 -3 Torr. 
Finally, the atmosphere in the vacuumed system was changed to a gas mixture of Ar/02 = 7/3, and a 

25 power of 7.8 W/cm 2 was applied to the Zr-B target Zr:B = 70:30 under a pressure of 3.5 x 10~ 3 Torr to 
form a ZrB x O y (x = 0.14, y = 2.21) film in a thickness of 200 A as a protective layer. The visible light 
transmittance of the sample thus obtained was 75.9%. This sample was left to stand in an atmosphere at 
50 °C under a relative humidity of 95% for 46 hours, whereupon the visible light transmittance changed to 
77.4%, but no change was observed by the visual inspection. A finger print was intentionally put on the 

30 surface of the film, and the sample was left to stand in an atmosphere at 60 °C under a relative humidity of 
95% for 19 hours, whereupon small pinholes were slightly observed at the finger printed portion. 

EXAMPLE 15 

35 In the same manner as in Example 14, a ZnO film was formed in a thickness of 400 A as the first layer, 

a Ag film was formed in a thickness of 100 A as the second layer, a ZnO film was formed in a thickness of 
800 A as the third layer, and a Ag film was again formed in a thickness of 100 A as the fourth layer, and a 
ZnO film was formed in a thickness of 100 A as the fifth layer. Then, also in the same manner as in 
Example 14, a ZrB x O y film (x = 0.14, y = 2.21) was formed thereon in a thickness of 300 A as a protective 

40 layer. The visible light transmittance of the sample thus obtained was 80.2%. This sample was left to stand 
in an atmosphere at 50 • C under a relative humidity of 95% for 53 hours, whereupon the transmittance was 
80.1%, and no change was observed by visual inspection. The same sample was left to stand in a 
weatherometer for 36 hours, whereupon the transmittance was 78.6%, and by visual inspection, only an 
extremely slight haze was observed at the end portion and no change was observed at the central portion. 

45 

COMPARATIVE EXAMLE 3 

In the same manner as in Example 14, a ZnO film was formed in a thickness of 400 A as the first layer, 
a Ag film was formed in a thickness of 150 A as the second layer and a ZnO film was formed in a thickness 

so of 400 A as the third layer. Then, no protective film was formed thereon. The visible light transmittance of 
the sample thus obtained was 78.4%. This sample was left to stand in an atmosphere at 50 ' C under a 
relative humidity of 95% for 46 hours, whereupon the transmittance was 75.4%. The change in the 
transmittance was not so substantial, but by visual observation, pinholes were observed on the entire 
surface. A finger print was intentionally put on the surface of the film, and the sample was left to stand in an 

55 atmosphere at 50 'C under a relative humidity of 95% for 19 hours, whereupon the finger printed portion 
was hazy with the color completely changed. 
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COMPARATIVE EXAMPLE 4 

By using metal Sn instead of metal Zn as the target, a Sn02 film was formed in a thickness of 400 A as 
the first layer, a Ag film was formed in a thickness of 110 A as the second layer and a Sn0 2 film was 

5 formed in a thickness of 400 A as the third layer, in the same manner as in Example 14. No protective layer 
was formed as in Comparative Example 3. The SnC-2 film was formed in an atmosphere of 100% pure 
oxygen gas under a pressure of 3.0 x 10" 3 Torr at an applied power of 84.7 W/cm 2 . 

The visible light transmittance of the sample thus obtained was 84.7%. This sample was left to stand in 
an atmosphere at 50 'C under a relative humidity of 95% for 53 hours, whereupon the transmittance was 

w 73.6%, and a scale-patterned haze formed on the entire surface and pinholes were substantial. A finger 
print was intentionally put on the surface of the film, and the sample was left to stand for 19 hours, 
whereupon the large pinholes were formed at the finger printed portion. The same sample was left to stand 
in a weatherometer for 36 hours, whereupon the transmittance was 82.6%. and a haze was slightly 
observed on the entire surface by visual inspection. 

75 

EXAMPLE 16 

By using soda lime glass having a thickness of 5 mm, a scratch resistant protective film-provided glass 
sheet of the present invention was prepared by DC sputtering under the following conditions. As the target, 

20 a sintered body of zirconium (Zr) and boron (B) containing boron (B) in a proportion (atomic %) of 67%, 
was used. As the supplied gas, a gas mixture of oxygen (0 2 ) and argon (Ar) was used at a flow rate of the 
oxygen (O2) of 30%, so that the vacuum degree in the vacuum chamber was 3.5 m Torr. A DC power 
source was connected to the target, and -600 V was applied thereto to generate glow discharge, whereby 
the discharge current density was 20 mA/cm 2 . Under such a condition, a shutter was open for 37.5 seconds 

25 to form a ZrB x O y (x = 0.99. y = 3.49) amorphous film on the soda lime glass sheet having a thickness of 5 
mm. 

The thickness of the film formed on the substrate was 500 A, and the film was colorless transparent and 
had -a refractive index of 1.8. The content of boron in the film was measured by ESCA, whereby the atomic 
ratio x of boron to zirconium was found to be 0.99. 

30 With respect to TiC"2 and Sn0 2 coated by conventional dipping or spraying, the soda lime glass surface 
and the amorphous film of the present invention, the dynamic frictional coefficients by a stainless ball 
having a diameter of 6 mm under a load of 50 g and at a moving speed of the substrate of 150 mm/min. 
were measured by Heidon 14 model surface property measuring device manufactured by Shinto Kagakusha 
K.K. after the surface was wiped with a cloth impregnated with acetone. With respect to the four types of 

as samples, dynamic frictional coefficients of 0.204, 0.282, 0.145 and 0.142 were obtained, respectively. Thus, 
the amorphous film according to the present invention has excellent lubricating properties and smooth, 
whereby scratching due to friction scarecely takes place. In fact, by a test wherein an abrasive eraser 
having a diameter of 5 mm was reciprocated 10 times with a stroke of 30 mm under a load of 500 g. the 
number of scratch marks was the minimum with the amorphous film of the present invention among the 

40 above four types of samples, as visually observed. 

Now, more Examples of the article with high durability shown in Figure 4 will be given. 

EXAMPLE 17 

45 A glass substrate was placed in a vacuum chamber of a sputtering apparatus. The chamber was 
evacuated to a pressure of 1 x 10 _S Torr. As a glass substrate, a blue glass substrate having a thickness of 
4 mm was used. The same glass substrate was used also in Example 18 et seq. Then, a gas mixture of 
argon and nitrogen was introduced to bring the pressure to 2 x 10~ 3 Torr. Then, titanium was subjected to 
reactive sputtering to form titanium nitride (first layer) in a thickness of about 20 A. Then, the gas was 

so changed to a gas mixture of argon and oxygen, and the pressure was adjusted to 2 x 10 -3 Torr. Then, a Zr- 
B target (Zr:B = 40:60) was subjected to reactive sputtering to form an oxide film comprising zirconium and 
boron (second layer) in a thickness of about 200 A. The visible light transmittance T v , the the solar energy 
transmittance T E , The visible light reflectance on the coating surface Rvf, the visible light reflectance on the 
glass surface R VG and color changes in the transmittance and in the reflectance V(Ax)* + <Ay)* of the heat 

55 radiation shielding glass thus obtained, were 73.3%, 59.0%, 9.2%, 7.7%, 0.0016 and 0.021, respectively. 

The transmission color and the reflection color were neutral to such an extent that there was no 
substantial distinction from the base glass sheet. 
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The heat radiation shielding glass was immersed in 0.1 N hydrochloric acid for 240 hours or 0.1 N 
sodium hydroxide for 240 hours or in boiling water for two hours to examine the durability of the film, 
whereby no change in the optical properties was observed. 

In the abrasion test by means of an abrasive eraser, no substantial scratch mark was observed, and 
5 thus the film showed excellent scratch resistance 

EXAMPLE 18 

In the same manner as in Example 17, zirconium was subjected to reactive sputtering to form zirconium 
to nitride (first layer) on a glass substrate in a thickness of about 20 A. Then, the gas was changed to a gas 
mixture of argon and oxygen, and the pressure was adjusted to 2 x 10~ 3 Torr. Then, a zirconium/boron 
target (atomic ratio 50/50) was subjected to reactive sputtering to form an oxide film 2rB x 0 y comprising 
zirconium and boron (socond layer x = 1.78, y = 4.67) in a thickness of about 200 A. 

The optical properties T v , T E , R VF , Rvg and the color changes in the transmittance and in the reflectance 
75 of the heat radiation shielding glass thus obtained, were 76.9%, 61.4%, 8.3%, 7.8%, 0.0017 and 0.0297, 
respectively. 

The heat radiation shielding glass was immersed in 0.1 N hydrochloric acid (HCI) for 240 hours or 0.1 N 
sodium hydroxide (NaOH) for 240 hours or in boiling water for two hours to examine the durability of the 
film of this Example, whereby no change in the optical properties was observed. The durability test was 
20 conducted in the same manner as in Example 17, whereby the film showed excellent properties as in 
Example 17. 

Claims 

25 1. An amorphous oxide film composed essentially of an oxide containing Zr and Si (ZrSi 2 O y ), wherein the 
atomic ratio z of Si to Zr is 0.05 £ z < 19, and the atomic ratio y of O to Zr is 2.1 < y < 40. 

2. An amorphous oxide film composed essentially of an oxide containing Si and at least one member 
selected from the group consisting of Ti, Hf, Sn, Ta and In. 

30 

3. An amorphous oxide film composed essentially of an oxide containing B, Si and at least one member 
selected from the group consisting of Zr, Ti, Hf, Sn, Ta and In. 

4. An amorphous oxide film composed essentially of an oxide containing Si, Zr and at least one member 
35 selected from the group consisting of Ti, Hf, Sn, Ta and In. 

5. An article with high durability which comprises a substrate and one or more thin film layers formed 
thereon, wherein the outermost layer is made of an amorphous oxide film according to any one of 
Claims 1 to 4. 

40 

6. The article with high durability according to Claim 5, wherein at least two layers comprising a heat 
radiation reflecting film and the amorphous oxide film, are formed on the substrate in this order from 
the substrate side. 

45 7. The article with high durability according to Claim 5, wherein at least three layers comprising a 
transparent dielectric film, a heat radiation reflecting film and the amorphous oxide film, are formed on 
the substrate in this order from the substrate side. 

8. The article with high durability according to Claim 5 , wherein a total of 2n + 1 coating layers (n > 1) 
50 including a transparent oxide layer as the 2n + 1 layer (n > 0) and a silver layer as the 2n layer (n2 1) 

are formed on the substrate, and the amorphous oxide layer is formed on the outermost layer of said 
2n + 1 coating layers. 

9. The article with high durability according to claim 5, wherein one layer of the amorphous oxide film is 
55 formed on one side or each side of the substrate. 

10. A double-glazed windowpane comprising: 

(1) a substrate having 
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(i) a total of 2n + 1 coating layers (nil) formed on sa,d substrate including a transparent ox.de 
layer as the 2n + 1 layer (n * 0) and a silver layer as the 2n layer (n 2 1) and 

(ii) an amorphous oxide layer according to any one of claims 1 to 4, formed on the outermost 
layer of said 2n + 1 coating layers, and K .*«to* 

(2) one or more substrates, double- or multi-glazed with an inner surface between sa.d substrates, 
and with said 2n + 1 coating layers and said amorphous oxide layer fac.ng the inner space. 

11 A building or transportation means having windows provided with a windowpane which comprises a 
" transparent substrate and one or more thin film layers formed thereon, wherein the outermost layer 

o exposed to air is made of an amorphous oxide film according to any one of claims 1 to 4. 

12 A heat radiation shielding glass which comprises a glass substrate and at least two layers comprising a 
" heat radiation shielding film and an oxide film formed sequentially on said substrate, wherein sa.d oxide 

film constitutes the outermost layer exposed to air and has a refractive index of at most 2.0. 

13. The heat radiation shielding glass according to claim 12, wherein said oxide film is mad e of an 
amorphous oxide film composed essentially of ZrSi 2 0 y wherein z is 0.05 <z <19 and y is 2.K y * 40. 

14. A laminated article comprising a transparent substrate having a transparent conductive film composed 
, 0 of one or more layers including a metal layer, and other transparent substrate, which are laminated w.th 

a plastic interlayer disposed therebetween, wherein an amorphous oxide film composed essentially of 
an oxide containing at least one member selected from the group consisting of Zr, T., Hf, Sn Ta and In 
and at least one member selected from the group consisting of B and Si. is disposed between said 
transparent conductive film and said plastic interlayer. 

25 15. A building or transportation means having windows provided with a windowpane which comprises a 
transparent substrate and one or more thin film .ayers formed thereon, wherein the outermost aye 
exposed to air is made of an amorphous oxide film composed essentially of an ox.de containing at least 
one member selected from the group consist.ng of Zr, Ti. Hf, Sn, Ta and In and at least one member 

30 selected from the group consisting of B and Si. 

16. A sputtering target composed essentially of a substance containing 4 to 90 atomic % of Zr, and from 3 
to 90 atomic % of B, and from 0 to 66 atomic % of oxygen. 

35 17. A sputtering target composed essentially of a substance containing from 1 to 90% of Zr, from 3 to 95 
atomic % of Si, and from 0 to 67 atomic % of oxygen. 

18. A sputtering target composed essentially of a substance containing from 1 to 90 at omic % of Zr. i and 
from 3 to 95 atom.c % of B + Si, and from 0 to 67 atormc % of oxygen, prov.ded that when 9Zr < B, B 
40 < 0.25Si + 9Zr. 

19 A process for producing an amorphous oxide film composed essentially of an oxide containing Si and 
at least one member selected from the group consisting of Zr, Ti, Hf, Sn, Ta and In, which comprises 
subjecting a non-oxide, oxide, or a mixture thereof containing Si and at least one member selected 
45 from the group consisting of Zr, Ti, Hf, Sn, Ta and In to sputter.ng. 

20. The process according to claim 19. wherein a non-oxide, oxide or a f^^JT^ 
essentially of a substance containing from 1 to 90 atomic % of Zr and from 3 to 95 atomic ,c .of Si and 
from 0 to 67 atomic % of 0 is subjected to sputtering to form a film of ZrS. 2 0 y where.n z is 0.05 i z < 
19 and y is 2.1^ y < 40. 
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21. A process for producing an article with high durability, which comprises: 

forming a heat radiation reflecting film on a substrate, n . nm 

forming an oxidation barrier film so as to protect said heat radiation reflecting film from being 
oxidized when the amorphous ox,de film is subsequently formed on said oxida garner film sa.d 
oxidation barrier film containing the same metal element as the amorphous ox.de to be formed on sa.d 



oxidation barrier film, 



28 



BNSOOOD*. <EP <M86475A2J_> 



EP 0 486 475 A2 



forming the amorphous oxide film on said oxidation barrier film, said amorphous oxide film being 
composed essentially of an oxide containing Si and at least one member selected from the group 
consisting of Zr, Ti, Hf, Sn, Ta, and In. 
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FIGURE 1(0) 
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FIGURE lib) 
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FIGURE I (O 
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FIGURE 1(d) 
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FIGURE 1(e) 
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FIGURE 10 
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